Introduction
I n many countries, cohort changeovers in care teams occur at a massive scale at least once a year in teaching hospitals when residents move to another department, hospital or healthcare facility. This cohort turnover has frequently been called ''July effect'' in the scientific literature, related to the fact that most studies assessing its possible consequences come from the United States (US), where resident historically switch in July. 1 Although their results are conflicting, several of such studies have examined patient outcomes associated with resident turnover and found an increase in mortality and a decrease in efficiency (length of stay, duration of procedure, hospital charges). [2] [3] [4] [5] The majority of studies focused on a specific condition and observed, for instance, an increase of 10% in the rate of fatal medical prescriptions 5 or 12% in mortality following hip fracture 2 in July. This finding has been attributed to both a drop in the clinical experience of incoming residents and a lack of familiarity of entering workers with hospitals organization. 1 Yet, the detrimental effect of resident changeover is still considered as uncertain [6] [7] [8] [9] and few studies have tried to assess it within healthcare systems located outside the US. 4, [10] [11] [12] Moreover, very few studies used suitable comparison group, such as patients managed in non-academic hospitals, in their measure of patient outcomes. 1 Last, very few observers have raised the hypothesis of a so-called ''Peltzman effect'' otherwise called ''risk compensation'' in the case of cohort changeovers of care teams. 6, 7, 13 Namely the possibility that each department and hospital would anticipate difficulties linked to mass housestaff turnover and self-regulate their activities and organization so as to offset detrimental consequences of cohort changeover.
In France, all teaching hospitals accept residents and fellows both to train them and to incorporate them as full-time workers through clinical activity. There are basically three subtypes of teaching hospitals: academic hospitals, army hospitals and non-for-profit hospitals. Other hospitals are non-teaching hospitals and belong to the private sector. Virtually no non-teaching hospital accepts residents or fellows whereas all teaching hospitals receive and train residents and fellows. At the end of their undergraduate studies, medical students undertake a National Ranking Examination. Based upon the final ranking and their preferences, they choose a medical specialty and a city of allocation.
14 Every November, $7300 15 students start a 4 or 5 year-long residency depending on the specialty. Residents are therefore junior doctors. They switch from one hospital department to another (generally in another hospital) in May and November with no exception. After their residency, residents intended to become general practitioners leave the hospital system whereas most specialty residents are employed under a fellowship status. Fellows are considered as senior doctors. Their changeovers occur only in November. Fellow changeover intervals vary from 1 to 4 years, and are generally considered as equating 2 years on average. Therefore, not all fellows change in November but only a fraction that approximately equates half of them. Each May, only residents depart from one hospital department to another whereas in November, all residents and nearly half fellows change and in addition, inexperienced residents enter their new status of junior physicians. Thus, November is considered as a critical month of cohort changeover in French teaching hospitals. Last, when fellows leave teaching hospitals in November, they often immediately take clinical responsibilities in non-teaching hospitals.
As an indication, in 2012 there were more than 3600 fellows (personal communication with the French fellows union, April 9, 2015) and more than 30 000 residents in the field. Importantly, we are unaware of any material regarding adverse effects of resident changeovers in the French lay media, and in any case, no official organization has been set up to cushion cohort changeovers. Thus, each department implements its own organization system both in May and November so as to ensure continuity of care.
In this context, our research objectives were to assess mortality and other quality or efficiency outcomes associated with resident and fellow changeovers in the setting of the French healthcare system, using non-teaching hospitals as a control group. Because patient outcomes are a complex and multifaceted concept, we used several indicators either reflecting quality of care and/or efficiency. Mortality and Intensive Care Unit (ICU) admission rates were chosen because they were considered to be relevant clinical endpoints for assessing quality of care. Length of stay was selected as an efficiency marker since the shorter patient stay at hospital, the higher is the productivity of care, and was directly calculated through admission and discharge dates. Readmissions and hospital transfer rates were chosen because they both reflect quality of care and efficiency. Indeed, unplanned readmission has a long-standing history of research as quality indicators, 16 as we recently published, 17 and since they increase the cost of care, they also decrease efficiency. Similarly, hospital transfers involve patients for which clinical state does not permit that they stay in the facility of origin because of insufficient capabilities. They generate direct and indirect costs and thereby decrease efficiency within the healthcare system. All these variables have previously been used as relevant indicators in prior studies. They were directly collected from the abovementioned database. For the overall sample of patients, only mortality and length of stay were studied as outcome measures whereas other measures were analyzed for some subgroups of patients as described below.
Methods

Data source
Main independent variable: month of discharge Our main independent variable was the month of discharge of patients which was identified through the database. We separated the database into groups:
The control group with discharges in any of the 10 months expect for May or November. The case group with discharges in May, November or May and November. All statistical comparisons were performed using the control group.
Impact of cohort changeover on patient outcomes in a selected sample of common conditions Because all-causes outcomes might be too blunt measures, we also decided to make a focus on six specific causes of hospitalization using the same data source. Three medical conditions (acute myocardial infarction, gastrointestinal bleeding and stroke) and three surgical procedures (colorectal resection, vascular surgery on the aorta or large vessels, spine surgery) were selected for two reasons. First, they are common and thereby relevant. Second, we thought that they would be more susceptible than others to have their outcome influenced by discontinuity of care, conversely to other frequent conditions, because they all require a high level of expertise either for diagnosis and/or management. All five indicators of outcome as described above were analyzed for those six subgroups.
Statistical analysis
Descriptive statistics included frequency tables, mean and standard deviations. To compare mortality between private and public hospitals, we used standardized mortality rate. The method we used is the Indirect Standardization with the age-specific mortality rates from the French standard population in 2012. Multiplying them by the number of patients in each specific group (private vs. public hospitals, May-November vs. other months) gave the number of expected deaths in each group. In France, the ''Institut National de la Statistique et des Etudes Economiques (INSEE)'' published French age-specific mortality rates from 1997 to 2014 and data are updated every year (https://www.ined.fr/fr/tout-savoir-population/chiffres/ france/mortalite-cause-deces/table-mortalite/).
Chi-squared and analysis of variance were performed to identify risk factors for mortality or to compare efficiency. Statistical analysis was performed with SAS software (version 9.2). As we performed a hundred tests, we used the Bonferroni's correction and used a significance level of P 0.0005.
Ethics
Our study used anonymized patient data that do not require any approval from an ethic committee according to the French ethic law. However, the use of this database for the purpose of public health research was submitted to and accepted by the French National Commission for Data Protection (Commission Nationale de l'Informatique et des Liberte´s).
Results
General findings and association of cohort changeovers with mortality
In 2011 and 2012, there were respectively 17 000 142 and 17 330 574 hospital admissions in France. Both years were combined for the analysis. Mean value of in-patient mortality was 1.60% (standardized mortality rate = 1.76%). The private sector represented 36.9% of all hospitalizations. Hospitalizations in the private sector were associated with significantly lower mortality (P < 0.0001, see table 1). Resident changeovers in teaching hospitals in May and November were not associated with an increased mortality rate as compared with other months of the academic year (table 1) . We observed within these 2 months a significantly lower mortality (2.15 vs. 2.22%. P < 0.001) as compared with the 10 remaining months of each year respectively. Moreover, combined cohort changeover involving both residents and fellow in November was not associated with any higher mortality rate in teaching hospitals (see table 1 ). In private hospitals, significant differences were also observed when comparing the May/November cluster or November alone with other months of the year (see table 1 ).
Length of stay
Analysis of the association of cohort changeovers with length of stay is presented in Table 4 presents the major findings regarding the association of cohort changeovers with all selected five endpoints but at the condition level. Mortality remained unaffected by cohort changeovers. The only two significant differences (P < 0.0005) were observed in teaching hospitals. For the May/November cluster of months, that is when only residents change, there were significant greater risks of readmissions in teaching hospitals for one medical conditions (intestinal hemorrhage: 27.4 vs. 24.5%; P < 0.0001), and this was not the case in non-teaching hospitals. We also observed a significantly higher length of stay only in teaching hospitals for intestinal hemorrhage (6.8 AE 0.1 vs. 6.4 AE 0.4, P = 0.0005), There was a trend toward (P < 0.005) a longer hospital stay in teaching hospitals in May/November after stroke and colorectal surgery that was not observed in the private sector.
Discussion
In our national study of patient outcomes over 2011 and 2012, we found no detrimental effect on all-cause mortality associated with cohort changeovers in teaching hospitals and conversely, we observed several indicators for a decrease in mortality within the months following turnover. Comparison with non-teaching hospitals also showed significant decreases in mortality just after inflow of former fellows discharged from teaching hospitals. When focusing on six selected causes of hospitalization and studying other quality and efficiency indicators, we observed significant differences regarding readmission rates and length of stay in teaching hospitals only. This latter finding may be linked to resident changeovers. Our study has several strengths as compared with previous publications assessing effects of cohort changeovers. First, we could retrieve a substantial amount of data since we used the official national hospital dataset, thereby gathering more than 34 million of hospital admissions over a 2-year period. Second, those data are not limited to a given geographical area or specialty but rather encompass all hospitals of the French territory. Therefore, they are thought to be representative of our hospital care system. Third, our Ã: P < 0.0005 Table 3 Association of changeovers with the five selected outcome measures according to the type of hospital for all six specific conditions that were further studied Note: Continuous variables are given as mean AE SD data are of good quality and therefore highly reliable. There are very few possibilities of errors in the administrative measure of mortality, length of stay, ICU admissions, readmissions or transfers. Also and importantly, we could use a control group by measuring patient outcomes in non-teaching hospitals with data of similar quality. Last, so as to overcome the possibility that effects of cohort changeovers on patient outcomes would be diluted in an all-causes hospitalization sample, we further focused our analysis on six selected causes of hospitalization. Those three medical conditions and three surgical procedures were chosen both for their frequency and because we thought that they were likely to be affected by discontinuity of care. Our findings stand in relative contrast to prior US works that showed a negative effect of cohort changeovers on patient outcomes. [2] [3] [4] [5] 12, 18, 19 Similar conclusions were drawn in an English study showing significant differences in mortality affecting patients depending on the time related to cohort changeovers of junior hospital staff. 10 Whereas we observed significant differences in terms of readmission rates and length of stay for some conditions when performing disease-level analysis, there was no association of cohort changeover with the hardest endpoint, namely mortality, neither when focusing on the disease level or in the all-cause hospitalization calculus. The reasons for our contrasting findings are unclear. We can however raise some explanatory hypotheses that can be summarized through the concepts of risk compensation and/or self-regulation of care teams. 13 We assume that any physician or healthcare provider in a hospital knows that a cohort changeover is likely to transiently influence management of patients. Then, spontaneous reaction of care teams-both physicians and nurses-leads them to be particularly vigilant so as to compensate the discontinuities linked to massive turnover. For instance, personal observations showed that within the month following resident changeover, fellows do supervise them for their clinical visit every day instead of once or twice a week as it is usually the case. Also, nurses know patients and are used to the organization of departments. Therefore, they typically help residents and fellows more than usually just after their arrival and this assistance is likely to increase the overall vigilance regarding patients. In practice, we argue that our findings support a theory according to which bureaucracy often fails to effectively regulate hospital organizations and that relying on care teams as a self-regulating colleagueship can sometimes work. Last, the fact that mortality was also repeatedly found to be significantly decreased in November or within the May/November cluster in non-teaching hospitals can be due to the inflow of former fellows just taking new responsibilities in the private sector with inherent higher vigilance.
Despite those reassuring findings regarding mortality, we observed several indicators suggesting a decreased efficiency associated with cohort changeovers. Both at a general level and when focusing on some selected conditions, lengths of stay and readmissions rates were found to be increased in teaching hospitals whereas there was an opposite trend in non-teaching hospitals, thereby raising the hypothesis of a negative impact of cohort changeover. One might link this to either a conscious or unconscious adaptation of junior physicians to their new workplace so as to cushion the inherent risks of cohort changeover on quality of care. Future research should examine whether targeted interventions specifically designed to mitigate cohort changeover risk effectively maintain hospital efficiency and quality of care.
Our study has limitations. First, it is an observational study and any definitive causal inference is precluded by the possibility of unmeasured confounding factors. Specifically, the decrease in mortality that we observed in May/November could be linked to other factors, in particular seasonality since this was also measured in non-teaching hospitals. Indeed, other authors have already found that mortality can vary during the year according the time period. 20 Even though there is no definitive explanatory hypothesis, we cannot exclude a seasonal effect within our study period acting as a confounding factor. Also, we only analyzed 2 years and a broader study period would have heightened the reliability of our findings if confirmed. Last, we showed conflicting trends regarding length of stay within months of cohort changeover without any hypothesis to explain those findings.
In conclusion, neither resident-only changeovers nor combination of resident and fellow changeovers were associated with detrimental effect on mortality among the entire set of hospitalizations in France over a 2-year period. Conversely, we observed significant decreases in mortality associated with those cohort changeovers. When focusing on six selected causes of hospitalizations, there was still no association with mortality yet we observed increased rates of readmissions and greater lengths of stay for some conditions after resident changeovers. Overall, our findings contradict prior publications showing a negative effect of cohort changeover even if they suggest possible losses of efficiency after discontinuity of care. 
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